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i. Basis of the report 

1 With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as ongtnaily filed 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70.17)): 

Description, Pages 

1,5-10 as originally filed 

2a, 2b. 2c, 2d filed with telefax on 1 5.07.2004 

Claims, Numbers 

1-4 filed with telefax on 27.09.2004 

Drawings, Sheets 

Iy5-5y5 as originally filed 

2 With regard to the language, all the elements marked above were available or fumished to this Authority in the 
' language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of intemational preliminary examination (under 
Rule 55.2 andA>r 55.3). 

3 With regard to any nucleotide andAor amino acid sequence disclosed in the international application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained In the Intemational application in written fonm. 

□ filed together with the intemational application in computer readable form. 

□ fumished subsequently to this Authority in written fomn. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently fumished written sequence listing does not go beyond the disclosure 
in the intemational application as filed has been fumished. 

□ The statement that the infomnation recorded In computer readable form Is Identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing sucli amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional obsen^ations, If necessary: 

III. Non-establishment of opinion witli regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

S the entire intemational application, 

□ claims Nos. 
because: 

□ the said international application, or the said claims Nos, relate to the following subject matter which does 
not require an intemational preliminary examination (specify): 

□ the description, claims or drawings //nd/cafe particular elements below) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 

la the claims, or said claims Nos. 1 -4 are so inadequately supported by the description that no meaningful 
opinion could be formed. 

□ no international search report has been established for the said claims Nos. 

2 A meaningful intemational preliminary examination cannot be carried out due to the failure of the nucleotide and/ 
or amino acid sequence listing to comply wrth the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written fomi has not been furnished or does not comply with the Standard. 

□ the computer readable form has not been furnished or does not comply with the Standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1-4 

Inventive step (IS) Yes: Claims 

No: Claims 1-4 

Industrial applicability (lA) Yes: Claims 

No: Claims 1-4 

2. Citations and explanations 
see separate sheet 
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EXAMINATION REPORT - SEPARATE SHEET 

AS TO BOX III AND BOX V: 

1 . With regard to claim 1 (or also to independent clainns 2 and 3) as originally filed 
presently valid claim 1 has been substantially broadened. According to originally 
filed claim 1 Go, Ni and Zn had to be present in the divalent, Al, Cr, Mn and Fe in 
the trivalent and Ti and Sn in the tetravalent fomn. These restrictions are no more 
contained in claim 1 . Moreover t can now be 'essentially' 1 , 3 or 4, whereas 
according to claim 1 as originally filed t had to be 4. 

2. As a basis for the broadening of claim 1 has not been provided and not been 
found, the requirements of Art.34(2)(b) POT are not met for claim 1 and claims 2- 
4, which depend on this claim. These claims not being supported by the 
description, it is not possible to establish a report with respect to novelty, inventive 
step and industrial applicability of these claims. 

3. Irrespective of this statement it is remariced, however that the fomriula presented in 
claim 1 comprises an indefinite number of different compounds, all of which had to 
be solutions of the problems underlying the invention (se e.g. p.2, 1.10-19), should 
the existence of an inventive step be acknowledged for claim 1 . The application 
contains some examples which, however, are far from being sufficient to 
demonstrate that all of the embodiments falling under the scope of claim 1 
represent solutions of the above-mentioned problems. 

4. Moreover it is remarked that claim 1 is directed to the material as such. Well- 
known substances, such as C0AI2O4 (known as 'Thenard's Blue' and to be found 
in most textbooks on inorganic chemistry) and many other well-known spinels are 
comprised by this formula. 
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Claims (revised) 

1. A material far manufacture of structural components, Excluding electrodes, in a 
cell for electrolytic reduction of alumina to aluminium. 

characterisedby 
Ihe formula 

in which t is essentiLally 1, 3 or 4. O is the element oxygen. A' and A" are elements 
from the group Co. Ni, or Zn, B' and B" are elraients from tibe group Al, Cr. Mh, or 
Fb and C and C are the elements Ti or Sn, OSu<l, a2v<l, 0<w<l. l<x<2, 0<y<2, 
0^1; when t is essenHally 1. y = 0 andz = 0, when t is essentially 3, y = 0, w = 0 
and C denotes the element Ti. 

2. A mat^ial in accordance with daim 1» 
characterised inlhat 

the cation A* is essmtially divalent Ni. u is essratially 0 and x is essentially 1. 

3. A material in accordance With claim 1, 
characterised in that 

the cation B' is essentially Hivalent Al. the cation B" is essentiaUy tiivaleut Fe and y 
is essentially 2. 

4. A material in accordance with claim 1, 
characterised int±iat 

tiie cation A" is essentially divalent Ni, the cation B' is essentially tetravalent Ti, and 
u, V and z are essentially 0. 
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oxidizing legions of an alununiiim electiowiiming ceH based on substantially inert 
electrodes. 

Summary of the Invention 

5 The invention is the conclusion of an extensive search for matedals cqiable of 

fulfilling the requirements for a material for structural ceU components in oxidizing 
regions of an aluminium electrowinning ceH based on substantiaUy inert electrodes. 
The stability requirements of such a material are similar to those of an inert anode in 
said electiowimiing cell. In the not yet published Norwegian Patent AppUcalion No. 
2001-0928 the choice of possible element oxides for an inert anode is nanowed to: 
TiOz. CrzOa, FeaOa. MQ2O3, CoO, NiO, CuO, ZnO, AI2O3. GazOa, Z1O2. SnOa and 
Hf02. The main requiremraats for a material intended for use in structural cefl 
components are stability at 1 bar oxygen pressure at temperatoies above eSCC and a 
low solubiUty in the molten electrolyte. The electrical properties are less important, 
its electrical conductivity should be far less that the electrical conductivity of the 
electrodes and die electrolyte. The material should either itself fiilfa the requirements, 
or it should upon contact wifli the moltaa electrolyte react to form a surface layer of 
an aluminate that folffls the said requirements. Based on solubiKty considerations, 
CuO, GaaOa, Zr02 and HfCh are eliminated from the list of possible element oxides, 
20 and we are left with: TiOa, CriQa, FezOa, MnzOa, CoO. NiO. ZnO. AfeOa. and SnOz- 

The evaluation leads to a family of materials that can be expressed by die fi»mala 

(A'i.„A"ACB'i.vB"v)y(C'i.wC'w)aOt 
in which A' and A" are elements from die group Co, Ni, or Zn, B' and B" are elements 
25 from the group Al, Cr, IVfa, or Fe, and C and C" are the elements Ti or Sn. O is the 

element oxygen. 0^u<l, OSv<l. 0£w<l lScS2, O^y^ 0^1, and t is a number that 
renders the conq>osition charge nentraL j 

WiAaxi this group of oxides, materials most commonly <lrystallize in die spinel, 
30 ihnenite or rock salt structores. In materials of die present mvention diat possess the 
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spinel structure, x+y+z = 3, 2x + 3y + 4z 8, and t = 4. In matedals of the present 
invention that possess the ihnenite structure, x + y+ z = 2»2x + 3y + 4z=s6 and t = 3. 
In materials of the present invention that possess the rock salt structure, x s 1, y = z = 
0, andtsl. 



Detailed Description of the invention 

A material suitable as an essentially inert material for stractnral components in the 
oxidizing regions of a cell for the electrolytic production of alominiom firom alumina 
10 dissolved in an essentially fluoride based electrolyte where cryolite is an important 

ingredient, must be resistant to oxidation and dissolution in the Electrolyte. A 
selection of the element OTddes which a material for structural components can 
consist of. was performed based on the following mteria: 

IS -not a gas or having a high vapour pressure at process temperature 

-not converted by cryolite or AIE^ in the cryolitic mixture, Le. a large positive 
value of AG° for the reaction between the element oxide and AS^ to form the 
element fluoride and aluminium oxide (reaction 1). 

MO, + 2x/3 AU^ = MI^+2x/6Al2Q3 (1) 
20 -not converted by alumina* i.e. not a negative value of AO** for die reaction between 

the element oxide aluminium oxide and sodium fluoride to form a sodium element 
oxide and aluminium fluoride (reaction 2) 

MOx + 6yNaP + yAIjOj = NaeyMQ^+sy + 2yAlF3 (2) 

25 Of elements with the normal valence 2, the only possible elements are thus Co; Nl; 

Cu and Zn* Of elements with valrace 3 one is left with ohly-tfae elements Cr, Mn, Pe, 
Ga and Al. Of elements with valence 4 one is left witii only the elemraits Ti, Zr» 
Oe and Sn. Cu, Ga« Zr, Hf and Ge may be eliminated from the list based on solubility 
considerations, and we are left with the following list of elements: Co, Ni, Zn, Al, Cr, 

30 Ma, Fe, Ti and Sn. The possible materials for structural cell ^oruponents in an 
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alununium electrowinning cell based cm substantially inert electrodes a» dins limited 
to tiie oxides of the listed elements, or combinations of tiiese oxides in mixed oxide 
confounds. 
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Hie materials vdihin this groiq> can be expressed by the formula: 

(A'iHA"a>xCB'i.vB"vyC,^"w)^Ot (a) 
in which A* and A'* are divalent elements from the group Co, Ni, or Za, B* and are 
tiivalent elemmts from the group Al, Or, Mml, orFe, and C and C* are the tetravalent 
elements Ti or Sn. O is the element oxygen. 0^u<l, QSv<i, 0^w<l ISxSl^ 0Sy<2, 
Q^z^l, and t is a number that renders the conqjosition charge neutral. 
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Und^ fiavourable conditions the divalent oxides NiO, CoO and ZsiO all Teact with 
alnmma to form an essratially insoluble surface aluminate layer (reaction 3). 

AO(s) + Al203(diss)=rAAl204(s) pi) 
where A = Co, Ni, Zn. Therefore, CoO, NiO and ZnO and solid solutions of these 
form one group of possible materials for stmctural cell components. These 
conqiositions are expressed by fbimnla (a) with x = 1, y = z = 0, and t =1. This is 
further illustrated in Bxanaples 1 and 2. 

Conq>ounds of di- and txivalent element oxides will m this case be of the spinel 
structore. Spinels like NiFi^OiU CoFez04, NiCr204 and CoCn04 have he&a suggested 
and extensively tested as candidates for inert anodes. In tfaesse materials, Al from the 
molten electrolyte has been observed to exchange with the trivalent cation to form 
essentially insoluble, insulating solid solutions of the type NiCB'i.^v)204t where 
0<:v<l, B' = Fb, Cr, Mn. This is further illustrated ui Examples 3, 4, and 6. These 
materials are thus possible materials for structural cell components. Hie pure 
alummates NiA]204, C0AI2O4 and ZnAl204 are also possible mat^als for structural 
cell coniponents. 
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One compound of di- and tetravalent element oxides, Zn2Sn04, fonns a spinel oxide. 
This material may in principle be used for stmctural cell components. 

Other stable spinel compositions that are possible materials for structural components 
of an aluminium electrowinning cell are achieved by substituting a divalent/trivalent 
spinel with a tetravalent o^dde, while simultaneously adjusting tiie contents of the 
divalent and frivalent oxides in order to maintain the site and charge balance 
requirements of the spinel structure. This embodiment of the present invention is 
exeni^lified in Example S. 

Spinel type materials thus form another subset of materials for structural components 
of aluminium electrowinning cells. These compositions are ^cpiessed by formula (a), 
with X H- y + z = 3, 2x + 3y + 42 = 8, and t = 4. 

NiTiOa, C0TIO3 and solid solutions of these crystallize with the ilmenite structure. A 
cell material with the ilmenite stracture may also be obtained by substitution of a 
trivalent element from the list of possible elements for equimolar amounts of divalent 
and tetravalent elements. These compositions are expressed by formula (a) with x + y 
+ z = 3, 2x + 3y + 4z=6, andt=3. 



